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(54) Removal off dimethylterephthaiate from a methanolysis vapor stream 

(57) A method of removing dimethyl ten^hthalate 
(DMT) from a vapor stream containing a mixture of 
dimethyl terephthalate (DMT), methylhydroxyethyl 
terephthalate (MHET), glycols and methanol compris- 
ing the steps of : 



(a) providing a distillation column that i) is held 
under an elevated pressure of 100 to 500 kPag and 
a temperature of at least 85°C ii] has a plurality of 
distillation trays iii) has a methanol liquid sprays 
between the trays Iv) has a main spray zone below 
the trays and v) has a liquid pool corrprising meth- 
anol at the bottom of the column; 

(b) directing the vapor stream through an inlet noz- 
zle into the distillation column above the liquid pool 
and bejow the main spray zone ther^y forming a 
liquid solution comprised of vapor stream compo- 
nents; 

(c) directing the liquid solution away from the distil- 
lation column; and 

(d) concunently recycling a portion of the liquid 
solution from (c) back into the distillation column as 
a spray in the column above the vapor stream inlet, 
thereby preventing build up of solid DMT on column 
surfeces. 
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Description 

Field of the Invention 

This invention relates to the recovery of dimethyl- s 
terephthalate (DMT) from a methanolysis reactor that 
uses excess methanol vapor to remove DMT from the 
methanolysis reaction mass. 

Background of the invention io 

In low pressure methanolysis processes for the 
depolymerization of polyethylene terephthalate, U.S. 
Patent 5.051.528. a vapor stream carries the volatile 
reaction products away from the methanolysis reactor, is 
The vapor stream comprises methanol, dimethyl 
terephthalate (DMT), methyt-2-hydroxyethyl terephtha- 
late (MHET), ethylene glycol, other glycols, acetalde- 
hyde and incompletely reacted polyester components. It 
is desirable to return as much as possible of the MHET 20 
and incompletely reacted polyester components into the 
reactor. This is accomplished with a fractionation device 
(rectifier) and heat exchanger (rectifier partial con- 
denser). asdescrit}ed in U.S. Patent 5.298.530. Subse- 
quent to the depolymerization and removal of MHET 25 
and other incompletely reacted polyester components, 
it is desirable to recover and purify the DMT. methanol, 
and glycols for subsequent use or reuse. 

Separating DMT from methanol and glycol, while 
maintaining desirable yields of DMT. is difficult because so 
of the reactive nature of the DMT and glycol, and the 
existence of azeotropes. A preferred way to accomplish 
this separation is to crystallize the DMT In solution con- 
taining methanol prior to subsequent purification steps. 
For crystallization to be most effective, the feed to the 35 
cr^tallizer must be liquid, and the DMT concentration 
should be in the range of 2-40% weight to weight, with a 
preferred range of 20-40% weight to weight, and have a 
minimal amount of acetaldehyde. 

the vapor from tiie metfianolysis reactor, rectifier. 40 
and rectifier partial condenser must be condensed in 
order to be fed to a crystallizer. The vapor must also be 
fractionated because the DMT and acetaldehyde con- 
centrations are not at the preferred concentrations for 
crystallization. It is preferred to accomplish both the 4S 
condensation and fractionation in as few devices as 
possit)le. 

When tills condensation and fractionation was 
attenpted on a laboratory scale at atmospheric pres- 
sure, and with a surface condenser, the cqndenser so 
quickly fouled with DMT solids, rendering the system 
Inoperable. 

Brief Description of Drawings 

55 

Figure 1 is a schematic drawing of a distillation col- 
umn and an optional heat exchanger used in carrying 
out the process of the invention. 



Summary of the Invention 

The object of this invention is to prepare DMT solu- 
tion for subsequent purification and crystallization and 
avdd fouling of the equipment by solid DMT. This inven- 
tion achieves this objective with a method of removing 
dimethyl terephthalate (DMT) from a vapor stream con- 
taining a mixture of dimethyl terephthalate (DMT), meth- 
. ylhydroxyethyl ta-ephthalate (MHET). glycols and 
methanol comprising tiie steps of: 

(a) providing a distillation column that i) is held 
under an elevated pressure of 100 to 500 kPag and 
a temperature of at least 85°C ii) has a plurality of 
distillation trays iii) has a methanol liquid sprays 

. between the trays iv) has a main spray zone below 
the trays and y) has a liquid pod. comprising meth- 
anol at the bottom of tiie column. 

. (b) directing the vapor stream through an inlet noz- 
zle into the distillation column above the liquid pool 
and below the main spray zone thereby forming a 
liquid solution comprised of vapor stream compo- 
nents: 

(c) directing the liqidd solution away from the cfistil- 
lation column; and 

(d) concurrisntiy recycling a portion of the liquid 
solution from (c) back into the distillation column as 
a spray in the column above the vapor stream inlet, 
tiiereby preventing build up of solid DMT on column 
surfeces. 

In addition to achieving the above ot^ective the 
invention provides additional advantages of heat econ- 
omy, methanol purification suitable for reuse, prepara- 
tion of a liquid solution of DMT suitable for subsequent 
purification and crystallization, and the removal of low 
boiling impurities such as acetaldehyde. 

Detailed Description 

The following is a detailed description of a repre- 
sentative embodiment of the method of this invention. In 
the sole Figure there are a heat exchanger 1 and a dis- 
tillation column 2. The use of the heat exchanger is 
optional. It is not essential to tiie process. The Rgure is 
a schematic representation of these vyell known 
devices. Conventional equipment such as pumps, 
valves, surge drums and the like have been omitted. 
Use of the latter devices in the schematically described 
equipment is within the skill of those trained in this art. 

A vapor stream comprising a mixture of excess 
methanol, dimetiiyl terephthalate (DMT), metiiyl-2- 
hydroxyethyl terephthalate (MHET) and glycols is 
directed into the heat ^changer tiirough line 14. The 
vapor stream carries the reaction products from a low 
pressure methanolysis reactor. Methanolysis is a proc- 
ess for the depolymerization of polyethylene terephtha- 
late. 
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It is necessary to condense the DMT. MHET, gly- 
cols and other Impurities from the vapor stream into 
methanol solution, prior to aystallization and subse* 
quent purification of DMT MHET and other glycols. 
. Crystallization requires the DMT be dissolved in the 5 
methanol and be at a certain concentration of about 2 to 
60%, preferrably 2 to 40% weight percent We have 
found 20 to 40% weight percent to be particulariy use- 
ful. 

It is also desirable to separate and simultaneously 10 
purify the excess methanol in the vapor stream from the 
methanolysis reactor. The methanol is suitable for reuse 
in the methanolysis procesa 

The optional heat exchanger 1 is constructed 
according to conventional chemical engineering prac- is 
tice and design for this field. The heat exchanger 1 uses 
a heat ^change fluid that is supplied at a temperature 
atx>ve the freezing point of the vapor stream mixture 
and cold enough to partially condense the vapor. The 
heat exchange fluid has a temperature at the point it 20 
enters the heat exchanger through line 15 that is (a) 
above the freezing point of DMT and (b) low enough to 
partially condense the vapor stream. Thus, much of the 
DMT is condensed avoiding any freezing and fouling of 
the heat exchanger. The selected heat exchange fluid is 25 
pumped into the heat exchanger through lines 15. The 
fluid circulates around the interior of the exchanger for a 
sufficient time to establish the desired cooling or con- 
densation temperature according to well known design 
and exits from the heat exchanger through line 1 6. Suit- so 
able heat exchanger fluids Include water, and organic 
heat transfer fluids such as Thernrdnol, p-cymene. 
dowtherm, paratherm and syltherm. 

The heat exchanger partially condenses the vapor 
stream. The resulting condensate is comprised of dis- 35 
solved DMT. MHET and glycols. Also, there is some 
DMT remaining in the vapor state. Most of the methanol 
remains In the vapor state. The condensate and remain- 
ing vapor drains into the distillation column 2 through 
line 3. Distillation column 2 contains a liquid pool 19 40 
comprising methanol, a plurality of distillation trays in 
tray zone 20. methanol liquid sprays 18 between the 
trays and a spray zone 1 7 below the trays. 

The heat exchanger is oriented so that the conden- 
sate and vapor mixtures can freely drain into the bottom 4S 
of distillation column 2. The heat exchange fluid is sup- 
plied to the heat exchanger at a high enough tenpera- 
ture so that the condensate and vapor mixtures in line 3 
do not freeze. Also, the heat exchange fluid is main- 
tained at low enough temperatures so that the vapors so 
cool and at least partially condense. 

The design of distillation column 2 also follows con- 
ventional chemical engineering practice. It includes 
about 10 theoretical plates. The column may use con- 
ventional distillation trays, or may be packed with ras- ss 
chig rings, wire mesh or other distillation tower packing 
materials. Trays are preferred. Special precautions 
need to be taken in operating tiie column in order to pre- 
vent tiie trays from becoming dry, which would prevent 



tiie column from operating properly. The distillation ool- 
umn includes reflux line 12. and line 1 1 connected to a 
heat exchanger. 

Pressure inside of the distiDation column 2 is main- 
tained high enough to maintain a temperature sufficient 
to keep DMT in solution in the liquid pool 19, at ttie bot- 
tom of the distillation column 2. The combination of 
pressure and tenperature prevent tiie formation of sol- 
ids in tiie liquid pool. To prevent the formation of DMT 
solids, the pressure should be n^intained in the range 
of 100 to 500 kPag and sufficient to nnaintain a temper- 
ature of at least 85%. Prefen-ed temperatures are as^C 
to 127%, although temperatures atx3ve this range will 
work. The DMT saturated condensate is pumped from 
tiie distillation column 2 through lines 4 and 5 to appara- 
tus in which DMT is subjected to furttier purification, 
preferably a crystallizer. 

As mentioned previously, the stream 3 which issues 
from the heat exchanger also contains DMT vapors and 
methanol vapors. These DMT vapors will solidify on any. 
dry surfaces which are t>elow the freezing point teirper- 
ature of DMT. In order to condense the DMT vapors, it is 
necessary to sutqect them to temperatures below the 
freezing point Wrthout special measures to prevent dry 
surfaces, this would ultimately foul the distillation col- 
umn, sinrvlarly to the results ot^served in the latsoratory 
surface exchariger. To avoid this, a portion of the DMT 
saturated condensate pumped from the column through 
lines 4 and 5 is recycled through line 6 into the distilla- 
tion column as a spray. The spray is directed against the 
Internal wails of the distillation column to prevent DMT 
vapors from encountering dry surfaces. In addition to 
this, methanol sprays. 18. are provided between the 
bays in the trayed siection of the distillation column. 
These sprays are directed against ail surfaces including 
the bottom of tiie trays and downcomers thereby pre- 
venting DMT from encountering any dry surfaces, and 
fouling tiie apparatuis. 

In tiie distillation column 2. metiianol vapors are 
distilled away from the liquid entering the distillation col- 
umn through line 3. The methanol vapor rises to the top 
of the column through the tray zone where it passes 
through to a heat exchanger through line 1 1 . The meth- 
anol is condensed and is returned through tiie line 12 to 
the distillation column. The methanol is then pumped 
out of the column through fine 9. Low boiling point impu- 
rities, such as acetaldehyde are concentrated and 
removed through line 10. The remaining methanol thus 
purified, is available for reuse in the methanolysis proc- 
ess or other processes in which methanol is useful. 

The distillation column 2 can also be used to purify 
a stream containing methanol originating In otiier parts 
of a manufacturing facility. Such other metiianol 
streams can be pumped into the column through, for 
example, lines 7 and 8. where they vaporize and rise to 
tiie \op of the column along witii the metiianol which 
entered through line 3. The methanol is condensed, and 
pumped out through line 9. Non-condensable gases are 
removed from tiie system through line 13. 
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The invention has been described in detail with par- 
ticular reference to preferred emtKxIiments thereof, but 
it wiil be understood that variations and modifications 
can be effected within the spirit and scope, of the inven- 
tion. 5 

Claims 

1. A method of removing dimethyl terephthalate 
(DMT) from a vapor stream containing a mixture of io 
dimethyl terephthalate (DMT), methylhydroxyethyl 
terephthalate (MHET). glycols and methanol com- 
prising the steps of: 

(a) providing a distillation column that i) is hetel is 
under an elevated pressure of 100 to 500 kPag 
and a temperature of at least 85^C ii) has a plu- 
rality of distillation trays iii) has a methanol liq- 
uid sprays between the trays iv) has a main 
spray zone below the trays and v) has a liquid 20 
pool comprising methanol at the bottom of the 
column; 

(b) directing the vapor stream through. an inlet 
nozzle into the distillation column above the liq- 
uid pool and below the main spray zone 25 
thereby forming a liquid solution comprised of 
vapor stream components; 

(c) directing the liquid solution away from the 
distillation column; and 

(d) concurrently recycling a portion of the liquid 30 
solution from (c) back into the distillation col- 
umn as a spray in the column above the vapor 
stream inlet, thereby preventing build up of 
solid DMT on colunrvi surfaces. 

35 

2. a; method according to claim 1 wherein the vapor 
stream is fed into a heat exchanger prior to being 
directed into the distillation column; wherein a heat 
exchanging fluid has a temperature at the point it 
enters the heat exchanger that Is (a) above the 40 
freezing point of DMT and (b) low enough to par- 
tially condense the vapor stream. 

3. The method of claim 1 wherein methanol is 

. removed from the tray section of the distillation col- 4S 
umn at a rate sufficient to maintain a DMT concen- 
tration in the liquid pool of 20 to 40% weight to 
weight 

4. The method of claim i wherein the methanol liquid so 
spray between the trays comprises methanol liquid 
from other processing feicilities in a manufacturing 
ladlrty. 

5. The method according to clairh 4 wherein the meth- ss 
anol liquid spray contains DMT. 

6. The method of claim 1 wherein the liquid pool is 
free of solids. 



7. The method of daim 3 wherein the column pres- 
sure Is adjusted in combination with removal of 
methanol to maintain the desired concentration of 
DMT in the liquki pool. 

8. The method of daim 7 wherein the liqidd pod is 
free of solids. 
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